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ABSTRACT
ENRICHMENT USE & SOCIAL INTERACTIONS IN A MIXED-SPECIES
ENCLOSURE OF SUMATRAN (Pongo abelii) & BORNEAN ORANGUTANS
(P. pygmaeus) & NORTHERN WHITE-CHEEKED GIBBONS (Nomascus leucogenys)
by
Emily Sharai Veitia
November 2017
Enrichment is an aspect of captive husbandry that has been shown to positively
impact animals’ well-being and can be designed to encourage species-typical behaviors,
such as foraging and arboreality. Enrichment can include housing together multiple
compatible species. Orangutans are sympatric with siamangs and agile and Bornean
gibbons, so several zoos house these four Asian ape species in the same enclosure, in
part, as social enrichment. In my study, I observed enrichment use and social interactions
in a mixed-species enclosure at the Oregon Zoo, which housed two Sumatran (Pongo
abelii) and two Bornean (P. pygmaeus) orangutans with two Northern white-cheeked
gibbons (Nomascus leucogenys). The study subjects were Bornean orangutans Kitra and
Bob, Sumatran orangutans Kumar and Inji, and gibbons Phyllis and Duffy. From August
4-September 4, 2015, I conducted scan sampling every 30 seconds for 15-minute time
blocks, totaling 82.5 hours and 9,911 scans. Using proportion tests, I tested whether each
ape was equally likely to use arboreal and terrestrial enrichment. I predicted subjects
would be more likely to use arboreal enrichment because of their arboreal natural
histories. All individuals used arboreal enrichment significantly more than terrestrial
enrichment. During my study, the two Sumatran orangutans and the two gibbons were
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housed together. I predicted that conspecifics would be more likely to interact than
heterospecifics. Chi square tests supported this prediction. An additional component of
my second hypothesis, which was conducted through descriptive statistics, was that
interactions between conspecifics and heterospecifics would be more affiliative than
aggressive. I found that heterospecifics and conspecifics had more affiliative instances (n
= 1,750) than aggressive ones (n = 65).

Keywords: Enrichment, Orangutans, Gibbons, Arboreal, Terrestrial
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CHAPTER I
INTRODUCTION
Environmental enrichment is a standard component of captive animal husbandry
that enhances the wellbeing of captive animals by providing mental and physical
stimulation through natural, such as wood wool, and artificial, such as rubber mats,
objects placed in the enclosure (Young, 2003; Shepherdson & Swaisgood, 2005).
Enrichment can help simulate a species’ natural environment or stimulate natural
behaviors. Staff following the Association for Zoos and Aquarium’s standards of care
consider each animal’s native habitat when adding dirt, trees, and other items to
enclosures. In turn, these additions may encourage the animals’ natural foraging and
territorial behaviors (Shepherdson & Swaisgood, 2005).
I studied enrichment use in a mixed-species enclosure consisting of gibbons and
orangutans. Gibbons (Hylobatidae) and orangutans (Pongo) are southeast Asian apes.
Orangutans are found on the islands of Sumatra and Borneo, and northern white-cheeked
gibbons (Nomascus leucogenys) are found in Laos and northern Vietnam. Despite the
number of zoo exhibits in the United States that house gibbons and orangutans together,
there is currently very little literature on the behavioral interactions between either the
two species or on the species with enclosure enrichment.
Davis, Litchfield, and Pearson (2010) detailed the interactions and social
behaviors of two siamangs and two orangutans in a mixed-species zoo exhibit. They
found increased social interaction and concluded that mixed-species enclosures are
enriching to both species. Mixed-species enclosures are an increasingly common form of
enrichment (Buchanan-Smith, 2012). Mixed-species exhibits are a more efficient use of
1

space, benefitting the animals, as they are usually provided with a larger exhibit area than
single-species housed animals. Visitors also tend to find mixed-species exhibits more
interesting and more educational (Buchanan-Smith, 2012). Another advantage for
animals living in mixed-species exhibits is that one species may become more engaged in
enrichment due to the reaction of heterospecifics (Buchanan-Smith & Hardie, 2000). For
successful housing, species should be selected based on shared features of their natural
environment and whether they come into contact with one another in the wild (BuchananSmith, 2012).
The Red Ape Reserve (RAR) at the Oregon Zoo is a mixed-species enclosure that
my study subjects have access to during the day. This outdoor enclosure provides these
predominantly arboreal apes with vertical enrichment opportunities, such as trees, logs,
and bamboo poles (Tingey, 2012). The subjects included two Bornean orangutans (Kitra
and Bob), two Sumatran orangutans (Kumar and Inji), and two northern white-cheeked
gibbons (Phyllis and Duffy). I collected behavioral data at the zoo from August 4September 4, 2015, totaling 82.5 hours of observation and 9,911 scans.
Due to these apes’ arboreal natural histories, I tested the following two
predictions: that the subjects would use more arboreal enrichment than terrestrial
enrichment; heterospecific subjects housed together, Sumatran orangutans and gibbons,
would be more likely to interact with conspecifics over heterospecifics due to greater
familiarity with their own species. I also added a sub-component to my second
prediction, that the Sumatran orangutans and gibbons who were housed together would
have more affiliative than aggressive interactions.
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All six subjects used arboreal enrichment more than terrestrial enrichment by a
significant margin (Bob = 88%, p <0.05; Kitra = 72%, p <0.05; Inji = 91%, p <0.05;
Phyllis = 99%, p <0.05; Duffy = 99%, p <0.05; Kumar = 89%, p <0.05). When looking at
the two species pairs, Sumatran orangutans and gibbons in the mixed species enclosure,
the tests demonstrate that conspecifics spent more time together than did heterospecifics
(x2 = 3.9862, df = 1, p < 0.05) and subjects in the mixed species exhibit were more likely
to have affiliative interactions (n = 285) than aggressive ones (n = 5).
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CHAPTER II
LITERATURE REVIEW
Gibbons
Gibbons (Hylobatidae) are divided into five genera that include Hylobates,
Hoolock, Symphalangus, and Nomascus. They are distributed throughout the rainforests
of Southeast Asia (Geissmann, 1995). My study focuses on Nomascus leucogenys,
northern white-cheeked gibbons. Females and males of this species are different colors,
and males tend to be larger-bodied (Lang, 2010). Males have black body fur and tufts of
white fur on their cheeks, while females are golden- or cream-colored. Both sexes are
born with cream-colored fur, and coloration differences occur at sexual maturity, between
6 – 9 years old (Lang, 2010; Geissmann, 1991). Wild gibbons classified in this genus
spend 40.0% of their time resting, 35.1% feeding, 19.9% traveling, 2.6% singing, and
1.2% playing (Fan, Ni, Sun, Huang, & Jiang, 2008).
Like many gibbon species, northern white-cheeked gibbons form pair bonds and
are monogamous (Lang, 2010). Gibbons form small groups consisting of mates and their
offspring (Lang, 2010). Gibbons vocalize often, and while researchers do not fully
understand what all of the vocalizations mean, previous studies on this subject have
found that gibbon songs can serve several functions, including attraction of mates,
strengthening of pair bonds, resources and territory defense, and warning about the
presence of predators (Gronqvist Kingston-James, Lehmann, & May, 2013). Females
sing aggressive songs perhaps intended to keep males monogamous (Mitani, 1990).
Monogamy in gibbons is complicated. Males have been observed to lead silent
attacks on other males who intrude on their mated pair’s territory. Through these
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behaviors, mated males maintain their monogamous relationships (Mitani, 1990). Female
gibbons ensure their monogamous pairing by aggression towards other, unmated females.
In nature, female gibbons are widely spaced, thereby “forcing” males to live as far from
conspecifics as possible. This leads to gibbons’ wide-ranging habitat (Mitani, 1990) and
leads to pair-bonded family units as the most common social grouping, although other
organizational structures can and do occur (Fan & Jiang, 2009; Fan, Fei, Xiang, Zhang,
Ma & Huang, 2010). Orangutans and gibbons are sometimes sympatric, which is one
reason why they are sometimes housed together in zoos.
Orangutans
There are two orangutan (Pongo) species, Sumatran (Pongo abelii) and Bornean
(P. pygmaeus) found in Indonesia and Malaysia. Both species of orangutans are sexually
dimorphic: males are larger than females and have secondary sex characteristics, such as
a throat sac and flanged cheek pads (Harrison & Chivers, 2006; Lang, 2005). In the wild,
orangutans spend more than 80% of their time resting and feeding. The remainder of their
activity budget includes traveling (13%), nest building (2%), and fighting, mating and
socializing (less than 1%) (Knott, 1999).
Orangutans tend to form social groups that include females and their offspring as
well as underdeveloped males, or young adults, and one fully mature male (Lang, 2005).
Orangutans live in individual fission-fusion societies, meaning that these individuals
usually move in and out of larger groups that tend to form for feeding purposes (van
Schaik, 1999).
Sumatran orangutans have more resources than Bornean orangutans, so they
usually form groups consisting of females with their young offspring and young adult
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males (Knott, 1999). Sumatran orangutans specifically form larger fission-fusion
communities, not only for feeding but also for protection against predators (van Schaik,
1999). Additionally, there is extreme social dispersion of orangutan males, mainly due to
their aggressive competition for acquiring mates, in which they will fight and chase each
other. Adult males rarely come into contact with one another as a result (Schurmann &
van Hooff, 1986).
Orangutan mating behavior is difficult to observe in the wild due to long
interbirth intervals, wide-ranging habitats, and long lifespan (Mitani, 1990). Interbirth
intervals for orangutans are the longest of any of the great apes, between 7 – 9 years
(Lang, 2005). Young adult males are usually closer in proximity to females than fully
flanged males and are sometimes successful at forcing copulation with females (Sapolsky
& Maggioncalda, 2009).
Bornean orangutans only aggregate for mating and when there is abundant
fruiting. Otherwise, Bornean orangutan males and females live separately (Knott, 1999).
Bornean orangutan females display neither aggressive nor affiliative behaviors toward
one another (Galdikas, 1985) although they come together in order to socialize their
infants (Knott, 1999).
Because orangutans live in fission-fusion societies in the wild during the fruiting
season, the permanent nature of zoo housed groups may be related to increased stress, as
indicated by higher fecal cortisol levels (Amrein, Heistermann & Weingrill, 2014). This
could be particularly relevant for Bornean orangutans, as they are more solitary than are
Sumatran orangutans. Researchers at Apenheul Primate Park in Apeldoorn, Netherlands
measured 14 Bornean orangutans’ fecal glucocorticoid metabolites (fGCM) and their
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self-scratching and self-grooming behaviors. Amrein, et al. (2014) found that captive
Bornean orangutans had lower levels of fGCMs when housed in large groups in fissionfusion housing, and concluded this housing arrangement reduced stress, in comparison to
a single-species permanent enclosure (Amrein, et al., 2014).
Environmental Enrichment
Environmental enrichment improves the lives of captive animals by providing
environmental stimuli that are necessary for their psychological and physical welfare
(Shepherdson & Swaisgood, 2005). Enrichment may encourage species-typical behaviors
(Buchanan-Smith, Griciute, Daoudi, Leonardi, & Whiten, 2013), which promotes the
wellbeing of captive animals (Gronqvist et al., 2013).
Environmental enrichment can include introducing new objects into an enclosure,
altering the enclosure, which may mean a major renovation, or moving the animal to a
new enclosure (Shepherdson & Swaisgood, 2005). Positive reinforcement training is also
a form of enrichment in captive animals as because it stimulates cognition and creates an
opportunity for the animal to make choices (Shepherdson & Swaisgood, 2005).
There are multiple categories of enrichment objects, including food, food puzzles,
toys, and novel objects. Gronqvist and colleagues (2013) found that toy and food
enrichment may decrease aggressive behaviors and increase affiliative behaviors in
captive animals. Food enrichment is one of the most feasible options of enrichment for
gibbons, considering they are primarily arboreal and toys are not as easy to manipulate if
swinging from rope to tree (Irwin & Wells, 2008). Sensory enrichment can be auditory,
visual, or tactile, such as use of scents, oils, and spices (Lewis, personal communication,
2015; Gronqvist et al., 2013). These can be mats that are dipped in different scents, such
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as lavender and peppermint, and hung for the animals inside the enclosure. Olfactory
enrichment has been shown to increase species-typical behaviors and reduce levels of
inactivity (Gronqvist et al., 2013). Additionally, manipulation, puzzle, sensory and other
forms of enrichment can be paired with food, or not (Young, 2003).
Auditory enrichment is another form of sensory enrichment used with apes.
Shepherdson, Bemment, Carman & Reynolds (1989) provided a recording of lar gibbon
(Hylobates lar) vocalizations, including a territorial song duet, to a group of lar gibbons
at the London Zoo. This prompted the captive gibbons to respond to the recording with
their own duet, as would occur in the wild. The authors concluded this was a form of
enrichment since it elicited species-typical behaviors which reinforces pair bonds in
gibbons (Shepherdson et al., 1989; Newberry, 1995).
Gronqvist et al. (2013) tested the environmental enrichment preferences of ten
Javan gibbons (Hylobates moloch), housed in four groups at Howletts Wild Animal Park
in England. The feeding enrichment consisted of two foraging boxes. Pieces of food were
put inside two shelves inside the boxes and attached to the enclosure. The olfactory
enrichment were scent mats made up of rope and dipped in water mixed with different
scents. The novel objects were two hard, colored boomer balls. The blue ball was
suspended within the enclosure by a bungee cord. The red ball was placed on a raised
surface within the enclosure. Gronqvist et al. recorded the frequency and duration of the
apes’ interactions with enrichment. This was later converted into individual mean
frequency of behavior per minute.
The authors found that the gibbons were interested mostly in food enrichment,
meaning the foraging boxes, followed by the boomer balls, and finally the scent mats.
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Singing rates increased in response to the foraging boxes and the boomer balls. Their
study also showed that vocalizations increased when gibbons were offered the
enrichment they preferred, which could mean that they were defending resources and
reinforcing social bonds (Gronqvist et al., 2013).
Naturalistic Enclosures
For the past two decades zoos have been using naturalistic enclosures, which can
also elicit species-typical behaviors, to improve the health and wellbeing of captive
animals (Buchanan-Smith et al., 2013). London Zoo staff remodeled an enclosure in 2002
that housed Indian langur monkeys (Semnopithecus entellus). The old enclosure consisted
of a large, heated indoor space and a small outdoor space. The monkeys were housed in a
new exhibit with sloth bears (Melursus ursinus), peafowl (Pavo cristatus), waterfowl
(Anatidaea), and muntjac deer (Muntiacus muntjak) that included both natural and
artificial structures. Little and Sommer (2002) found that in the previous enclosure, the
langurs spent their days sleeping and resting, while in the new enclosure they were more
active. They also found that there were decreased levels of aggression in the monkey
troop in the new enclosure.
Bard and Herbert (2000) conducted a study at Fort Wayne Children’s Zoo in
Indiana where the enclosure was changed to encourage the orangutans’ natural
arboreality (Bard & Hebert, 2000). They measured the use of vertical space in a
naturalistic enclosure for three Bornean orangutans (Pongo pygmaeus). Zoo staff added
flooded floors to simulate the peat swamp forests in Sumatra and Borneo where some
orangutans are found (Bard & Hebert, 2000). They also added four tree structures to
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encourage orangutans’ natural arboreality. The enclosure is indoors and has seven
skylights.
The authors found that the orangutans used the upper levels of the exhibit more
frequently after the exhibit was modified. The lower level, that of the flooded floor, was
least used by the orangutans. They also found that when the orangutans were on the upper
levels, they were more solitary and inactive, and they were more social and active in the
lower levels. The skylights provided privacy from visitors, which the orangutans seemed
to prefer. The researchers, keepers, and public were not able to see the orangutans when
they were next to the skylights (Bard & Hebert, 2000).
Mixed-Species Enclosures
Mixed-species exhibits are enriching for the animals housed in the enclosure,
providing an opportunity for increased activity and natural behaviors, such as
encountering other animal species, as would occur in the wild. Buchanan-Smith, et al.
(2013) found that living in mixed-species enclosures is socially enriching to all species
involved, while providing the public with a more interesting and educational exhibit. In
their 2013 study, Buchanan-Smith and colleagues predicted that capuchin monkeys
(Cebus) would be more aggressive than the squirrel monkeys (Saimiri) they were housed
with, since capuchins are bigger and more aggressive than squirrel monkeys. They
predicted, however, that younger individuals were more prone to have affiliative
interactions with each other, regardless of species (Buchanan-Smith et al., 2013).
The authors found that the larger capuchins were more aggressive towards the
smaller squirrel monkeys. Although the squirrel monkeys avoided the capuchins, they
were comfortable enough to sleep around them. The authors noted that enclosure design
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and animal husbandry could positively impact the social interactions in a mixed-species
enclosure. Buchanan-Smith and her colleagues also found that having youngsters in these
groups did not result in more affiliative interactions. There were equal amounts of
aggressive, affiliative, and neutral interactions between members of both groups
following introduction to the new enclosure. Although most interactions between
individuals of each species were aggressive, they argued that this does not necessarily
signify unhealthy interactions or an unsuitable mixed-species enclosure, as aggression is
a natural behavior, and this can be stimulating for primates (Buchanan-Smith et al.,
2013).
Buchanan-Smith and Hardie (2000) conducted a study focused on the effects of
novel objects on two monkey species, seven groups of saddleback tamarins (Saguinus
fuscicollis) and six groups of 2-5 individuals of red-bellied tamarins (S. labiatus) in a
mixed-species exhibit. Groups consisted of 2 -5 individuals and were housed in indoor
and outdoor cages in Belfast Zoological Gardens in Ireland in both single species &
mixed-species groups. The authors tested the reaction of the monkeys to novel objects,
such as key rings and squashed tin cans. Each object was used only once for each group
so that it would not lose its novel effect (Buchanan-Smith & Hardie, 2000).
The single-species groups of tamarins differed in response to novel objects, which
supports predictions based on the species’ vertical stratification in the wild. Red-bellied
tamarins are usually found at higher canopy levels; therefore, it is not surprising that
captive individuals of this species responded quicker to objects at the top of their
enclosure. The behavior of captive single-species groups of saddleback tamarins also
supported predictions based on their ecology in the wild, as they were significantly more
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responsive to objects placed on the floor than red-bellied tamarins were (Buchanan-Smith
& Hardie, 2000).
When the groups were mixed, the saddleback tamarins picked up objects more
quickly than did the red-bellied tamarins, who appeared to visually analyze the objects
instead. The red-belled tamarins seemed to rely on vision for a longer period before
physical action, such as scanning for potential prey before capturing them. Single-species
groups of red-bellied tamarins, regardless of group size, failed to react to objects on the
floor. However, when they were part of mixed-species groups, they did approach objects
on the floor, but only after those same objects had been approached by saddleback
tamarins. This supports the prediction that red-bellied tamarins benefit from being part of
a mixed-species group, due to the responsiveness of saddleback tamarins in the lower part
of the environment as they allowed their heterospecifics to investigate the area before
they responded (Buchanan-Smith & Hardie, 2000).
Davis, Pearson & Litchfield (2000) conducted a study that detailed the
interactions and social behaviors of two siamangs (Symphalangus syndactylus) and two
Sumatran orangutans (Pongo abelii) in a mixed-species exhibit at the Melbourne Zoo.
Their study showed increased social interaction, and they concluded that mixed-species
enclosures are enriching to both species. The authors used instantaneous scan-sampling to
record behavior, location, and interspecies proximity over 174 hours and all-occurrences
for any interactions between species. They found that all individuals used most of the
exhibit without segregation by species (Davis, Pearson & Litchfield, 2000).
Both orangutans spent most of their time on the ground. Most interactions
between the female orangutan and the siamang pair were playful and affiliative. Playful
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sequences involved pulling hair and running away, play-fighting, wrestling, play-biting,
chasing, rolling around on the ground, and poking each other. Other affiliative
interactions included grooming, embracing, and sharing food. All individuals in this
enclosure spent greater amounts of time on the ground and little time foraging and
climbing compared to wild counterparts (Davis, Pearson & Litchfield, 2000).
Red Ape Reserve
Prior to building the Red Ape Reserve (RAR), a naturalistic exhibit that in 2015
housed four orangutans and two gibbons at the Oregon Zoo, the two species were
separately housed. The orangutans’ previous enclosure, built in 1959, was an entirely
indoor space, measuring approximately 492.56 m². The maximum height was 9.75 m and
minimum height was 6.71 m. The old enclosure consisted of two climbing structures, a
tire swing, metal basket and mesh hammock, and a metal pole which allowed movement
between the structures (Tingey, 2012).
The gibbons’ old enclosures are still used by the gibbons today. There are two
indoor enclosures, one next to the other. One original enclosure is painted a pale pink,
with ledges, bars, fire hoses, ropes, and chain-link mesh, the latter of which separates the
gibbons from the glass viewing area. The other old enclosure was renovated and painted
to resemble a forest with simulated rock structures, trees, and vines, with the mesh
removed. The keepers place enrichment (e.g., wood wool, hay) daily in each enclosure.
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Figure 1. Gibbon enclosure painted to resemble forest

Figure 2. Second indoor gibbon enclosure

The Red Ape Reserve at the Oregon Zoo is a mixed-species enclosure built in
2010 and simulates the orangutans and gibbons’ southeast Asian rainforest habitat. The
exhibit consists of two areas: a) an indoor space measuring 249.94 m², 8.84 m on the
tallest side and 5.12 m on the shortest side, including a large window where zoo visitors
can observe the orangutans, and b) a shared outdoor space, measuring 1645.92 m². The
outdoor enclosure is mesh with perimeter, ropes, logs, climbing structures, and a variety
of live plants. It includes bamboo sway poles and a hollow tree where keepers place treats
and other enrichment into holes while the gibbons and the orangutans are in the exhibit
(Woolery, 2012).
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Figure 3. Red ape reserve (RAR).

The Red Ape Reserve provided new opportunities in vertical space usage by the
Sumatran orangutans (Pongo abelii) once the pair was moved into the exhibit. Tingey
(2012) observed the amount of time the orangutans spent on the ground versus off the
ground in both the indoor and outdoor enclosures. Her study spanned four years, from
May – July 2007 and June – August 2008, which was the pre-relocation period; then the
habituation period from January – April 2010; and finally, from September 2010 – March
2011, which was after their relocation. She found that one of the orangutans decreased
the amount of time he spent on the ground (90% of the time with the old enclosure and
47.3% of the time in the new, outdoor enclosure). Both orangutans showed increased
exploration in their new exhibit and spent more time outside rather than inside (Tingey,
2012).
Orangutans are the largest arboreal ape species and gibbons are the smallest.
Because they are both Asian ape species, and they are in some locations sympatric in
nature, they tend to be paired together in zoos across North America. Zookeepers provide
enrichment to elicit the full range of species-typical behaviors and decrease the
performance of abnormal behaviors. Mixed-species enclosures are an enrichment
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technique that have become increasingly common. Affiliative interactions between both
conspecifics and heterospecifics indicate a well-functioning mixed-species enclosure.
Based on the literature reviewed here, I tested the null hypothesis that each ape
would equally use arboreal and terrestrial enrichment. Because all three ape species I
observed are predominantly arboreal, I predicted they would use arboreal enrichment
more than terrestrial enrichment. I conducted this comparison using proportion z tests
(95% confidence interval). Secondly, I tested the null hypothesis that each ape in the Red
Ape Reserve, both Sumatran orangutans and both gibbons, would be equally likely to
interact with either conspecifics or heterospecifics. I predicted that when heterospecific
groups, two Sumatran orangutans and two gibbons, have access to each other, the number
of interactions with conspecifics will be greater than the number of interactions with
heterospecifics, due to greater familiarity with conspecifics. I conducted this comparison
with chi square significance tests. I predicted that affiliative and aggressive patterns
would qualitatively differ between conspecifics and heterospecifics. I predicted that when
the Sumatran orangutans and gibbons were housed together, the number of affiliative
interactions would exceed the number of aggressive interactions. I assessed this
expectation using descriptive statistics.
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CHAPTER III
METHODS
Site
I observed two Sumatran orangutans, two Bornean orangutans, and two northern
white-cheeked gibbons at the Oregon Zoo in Portland, OR from August 4, 2015 –
September 4, 2015 for a total of five weeks. The apes’ exhibits include the Red Ape
Reserve, the outdoor enclosure for the gibbons and orangutans, which is divided into
three zones, the indoor orangutan enclosure, or zone 4, and two indoor gibbon enclosures,
or zones 5 and 6 (See Fig. 4).

Figure 4. Red ape reserve (RAR), outdoor enclosure featuring three zones, housing four orangutans and
two gibbons. Diagram courtesy of Oregon Zoo and modified to include all zones, including zone 4: indoor
orangutan exhibit, zone 5: first indoor gibbon exhibit, and zone 6: second indoor gibbon exhibit.

Subjects
I observed the study subjects Monday – Friday, 9:30am – 5:00pm PST, for 82.5
hours. The study subjects were Bornean orangutans (BO), Kitra (15 years) and Bob (11
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years), Sumatran orangutans (SO) Kumar (12 years) and Inji (57 years), and gibbons (G)
Phyllis (47 years) and Duffy (21 years). At the time of my study, Bob and Kitra (BO) had
not yet been introduced to Phyllis and Duffy (G).

A

B

C

D

E

F

Figure 5. Subjects: A) Kitra, female; B) Bob, male; C) Inji, female; D) Kumar, male; E) Phyllis, female; F)
Duffy, male. Pictures courtesy of the Oregon Zoo.
Table 1. Subjects’ Information, including Species, Sex, Date and Location of Birth, and Dates of Arrival to
Oregon Zoo with Originating Facility. Provided by the Oregon Zoo. BO = Bornean Orangutan; SO =
Sumatran Orangutan; G = Gibbon.

Species
BO
BO
SO
SO
G
G

Sex
M
F
M
F
M
F

Name
Bob
Kitra
Kumar
Inji
Duffy
Phyllis

DOB & Birth Location
1/23/06 Greenville Zoo
4/23/01 Cleveland Zoo
4/15/05 Gladys Porter Zoo
est. 1960 Wild
10/10/1995 Bronx Zoo
est. 1970 Wild

Arrival Date & Origin
12/3/14 Greenville Zoo
4/21/15 Cleveland Zoo
11/6/14 Gladys Porter Zoo
1/30/1961 Private
3/28/00 Bronx Zoo
9/25/1975 Southwicks Zoo

Enrichment for Subjects
I did not provide enrichment as part of my study, but I opportunistically observed
enrichment provided as part of the existing husbandry routine. All apes in the Red Ape
Reserve and indoor enclosures are provided enrichment two to three times a day (Lewis,
email communication, May 2015). Enrichment and food in the other enclosures are
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provided when they are either cleaned out, or the animals are moved to another
enclosure.

Figure 6. Red ape reserve (RAR) with enrichment tree in the background. Rope, bamboo poles, logs, fire
hose and wood wool enrichment are all visible in these photos.

Data Collection
I used August 1st through 3rd, 2015 as practice for data collection. I observed the
orangutans and gibbons and their interactions with enrichment (e.g., puzzle feeders,
mirrors, bedding) and adjusted my methods based on my preliminary observations.
I conducted scan sampling every 30 seconds (Altmann, 1974) for 15-minute time
blocks, observing the animals from the public viewing areas in each of the six zones. On
each 30-second scan I recorded each ape’s enrichment item(s) being used (if any) and any
interaction that occurred in a proximity of ≤ 1 m. Due to the size and complexity of the
outdoor enclosure, it cannot be observed from a single location, so I divided it into three
zones. Additionally, there is a separate viewing area for each of the three indoor
enclosures. I was able to observe all six zones on any given day, and I moved to a
different zone every 15 minutes to ensure that I covered all zones every day.
Before each scan sample time block, I recorded the apes’ identities, visitors’
presence or absence, temperature, and general weather as these factors could all affect the
apes’ interactions with each other and with enrichment. I collected observational data
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using a modified version of the ethograms, to fit all behaviors for all three species
observed, previously used at Oregon Zoo (See Table 2) for each species, a data collection
sheet for scan samples, a stopwatch, a clipboard, and binoculars, if necessary. I collected
all of my data from public viewing areas.
Table 2: Ethogram describing Orangutan and Gibbon behavior observed for this study. Adapted from
Ethograms provided by the Oregon Zoo.

Activity
Create (CR)
Deconstruction (DE)
Eat (EA)/Drink (DR)
Forage (FO)
Hold (HO)
Play (PL)
Rest (RE)
Toss (TO)
Urinate/Defecate (U/D)
Behavior Name
Out of Sight (OOS)
Locomotion
Climb (CL)
Hang (HA)
Sit (SI)
Stand (ST)
Swing (SW)
Walk (WA)
Social interactions
Affiliative (AF)
Aggression/Fight (FI)
Allogroom (ALG)
Autogroom (AUG)
Chase (CH)
Copulate (CO)
Grab (GR)
Look (LO)

Description
Make seat out of fire hose, make nests, make fishing pole out of stick,
etc.
Reduce in size using objects, e.g. cardboard box
Put objects or liquids, e.g. cardboard box, into mouth, chew &
swallow
Looking for food
Grasping something
Including play chasing, grabbing, and food/object manipulation
Inactive, includes sleeping
Throwing an object
Discharge of waste from body
Description
Can apply to all areas
Description
Ascend a tree, branch, etc.
Dangle on rope, branch, etc.
To rest with upper body upright
To rise to an upright position on all four limbs or hind limbs
Move by grasping from one hold to another by use of the arms
On hind limbs walking or using all four appendages while moving
Description
Forming attachment or bond, friendly behaviors such as sharing food,
etc.
Hostile or violent outburst seen by biting, chasing, hitting, etc.
Picking through the hair with fingers or lips, any recipient
Picking through the hair with fingers or lips, self
Pursue another individual
Coupling, mounting and penetration
Grasping someone and detain
Directing gaze toward an individual(s) or object

Data Classification
I combined the following behaviors into affiliative interactions: playing, chasing,
sharing food, allogrooming, swinging and climbing together, sitting, eating and resting
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next to each other. I combined aggressive interactions to include fighting, biting, and
pulling hair. Terrestrial enrichment included the following objects: tub, wood wool,
cylinder, hay, branches, cardboard, butcher paper, bucket, mats, and newspaper. Arboreal
enrichment included: rock, rope, vine, hammock, fire hoses, bamboo poles, logs, bars,
tree, perch, mesh, and nests. Other enrichment, such as blankets, bamboo sticks, burlap
sacks, ice/ice blocks, and papier mache, I did not score as either terrestrial or arboreal, as
the subjects sometimes brought them with them wherever they went, whether it was
climbing up onto a hammock or lying on the grass.
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CHAPTER IV
RESULTS
Summary
The total number of scans for 5 weeks, M – F, 82.5 observation hours, were
9,911, including social interactions, enrichment, and species-typical behaviors. The total
number of 15-minute observation sessions was 332. I converted the frequency of each
behavior into rates per hour, or RPH (See Table 3).
Table 3. Instances and Rates per Observation Hour of Apes’ behaviors and locomotion
postures. *Undetermined Enrichment Items subsequently dropped from analysis.

Activity
Combined arboreal enrichment
Rest (RE)
Eating (EA)/Drinking (DR)
Undetermined enrichment*
Forage (FO)
Combined terrestrial enrichment
Urinate/Defecate (U/D)
Hold (HO)
Play (PL)
Create (CR)
Toss (TO)
Deconstruction (DE)
Behavior
Out of Sight (OOS)
Locomotion
Sitting (SI)
Climbing (CL)
Walking (WA)
Swinging (SW)
Hanging (HA)
Standing (ST)
Social Interactions
Solitary
Total Affiliative (AF)
Looking (LO)
Allogroom (ALG)
Autogroom (AUG)
Copulating (CO)
Total Aggression/Fight (FI)
Grabbing (GR)
Chasing (CH)

Instances
8,552
1,120
523
437
421
246
134
101
90
46
5
1
Instances
1,263
Instances
1,429
827
673
663
367
77
Instances
6,994
1,530
358
319
152
72
63
31
22
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Rates per hour (RPH)
103.66
13.64
6.34
5.30
5.13
2.98
1.63
1.23
1.09
0.55
0.06
0.01
Rates per hour (RPH)
15.22
Rates per hour (RPH)
17.40
10.07
8.20
8.07
4.47
0.94
Rates per hour (RPH)
84.78
18.55
4.36
3.88
1.83
0.87
0.76
0.37
0.27

Arboreal and Terrestrial Enrichment
All subjects used arboreal enrichment (n = 8,552 instances) significantly more
often than they used terrestrial enrichment (n = 246 instances). Using a proportion z test
(See Table 4), I tested the null hypothesis that each ape would be equally likely to use
arboreal and terrestrial enrichment. Each individual had access to terrestrial and arboreal
enrichment in each enclosure and, therefore, served as her or his own control in this
analysis.
Table 4. Results of Proportion Test for each Individual including 95% Confidence Interval (CI). Sample p
= number of interactions with Arboreal Enrichment divided by total number of interactions with Arboreal
and Terrestrial Enrichment.
Number of
Total number of
interactions with
interactions with arboreal Sample
pIndividual
arboreal enrichment
& terrestrial enrichment
p
Exact 95% CI Value
Bob (BO)
387
439
0.88
(0.85, 0.91)
<0.05
Kitra (BO)
245
341
0.72
(0.67, 0.77)
<0.05
Inji (SO)
355
388
0.92
(0.88, 0.94)
<0.05
Phyllis (G)
3,032
3,049
0.99
(0.99, 0.99)
<0.05
Duffy (G)
4,165
4,166
0.99
(0.99, 0.99)
<0.05
Kumar (SO)
368
415
0.89
(0.85, 0.92)
<0.05
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

Bob (BO)

Kitra (BO)

Arboreal Enrichment

Phyllis (G)

Duffy (G)

Terrestrial Enrichment

Inji (SO)

Kumar (SO)

Expected Values

Figure 7. Graph displaying as percentages each ape’s use of arboreal vs. terrestrial enrichment. Bob and
Kitra = Bornean orangutans (BO); Inji and Kumar = Sumatran orangutans (SO); Phyllis and Duffy =
gibbons (G). Values to generate this graph were taken from Table 4.
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Social Interactions
The data that I used for the social interactions analysis only included sessions
during which heterospecifics and conspecifics were housed in the same enclosure (RAR)
which occurred with the gibbons and the Sumatran orangutans Inji and Kumar, and one
15-minute session in which Bob (BO) and Kumar (SO) were housed together. These data
showed that when the subjects were in the Red Ape Reserve together, they interacted
with conspecifics (n = 162 instances) more than heterospecifics (n = 128 instances).
Using chi-square significance tests, I tested the prediction that conspecifics would
interact with each other more often than with heterospecifics. The test showed that the
subjects spent significantly more time with conspecifics than with heterospecifics (x2 =
3.9862, df = 1, p < 0.05), supporting my prediction.
Table 5 shows the RPH and number of instances of affiliative and aggressive
interactions between conspecifics and heterospecifics. Most of the apes’ interactions,
whether with conspecifics or with heterospecifics, were affiliative (n = 1750 total
instances). Aggressive interactions were low overall (n = 65 total instances in 82.5
observation hours). Figure 8 presents a set of pie charts describing all affiliative
interactions between individuals observed as part of this study.
Table 5. Social Group, number of Hours of Observation, Rates per Hour, and number of Occurrences of
Affiliative, Aggressive and total Social Interactions for all conspecific pairs (BO, SO, G) and two heterospecific
groups (two Sumatran Orangutans (KU & I) with two Gibbons (D & P) and one Sumatran Orangutan (KU) with
one Bornean orangutan (B)). BO=Bornean orangutans, SO=Sumatran orangutans, G=gibbons.

Rate of Interaction per Hour (count)
Conspecifics
Heterospecifics
Affiliative
Aggressive Affiliative Aggressive
510 15.22 53 1.58
386 22.10
571 29.66
5
0.26

Total Social
Interactions
563 16.81
386 22.10
576 29.92
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160

13.33

2

0.17

107

8.92

2

0.17

109

9.08

0.25
82.5

1467

66.98

58

1.84

17
124

68
76.92

3
5

12
12.17

20
1654

80
157.9

Social Group

Hrs

B & K (BO)
KU & I (SO)
D & P (G)
KU, I (SO),
D, P (G)
B (BO) &
KU (SO)
Totals

33.5
17.5
19.25
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Bob (BO)

480

Kitra
(BO)
Kumar
(SO)

Inji (SO)

Kumar (SO)

17

41

53

Inji (SO)

64

Kumar
(SO)
383

Phyllis (G)
375

Duffy (G)

Phyllis
(G)

Bob (BO)

Phyllis (G)

Duffy (G)

7

60
41

443

Duffy (G)
462

Inji (SO)

Phyllis
(G)
Kumar
(SO)

Figure 8. Pie charts for each ape showing the number of affiliative interactions between the individual and
all observed social partners. These summaries represent all social interactions for each individual,
regardless of whether they were housed only with conspecifics or with heterospecifics.
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CHAPTER V
DISCUSSION
Arboreal and Terrestrial Enrichment
I predicted that these arboreal ape species would use arboreal enrichment more
than terrestrial enrichment, and this prediction was supported by my data. Additionally,
the Red Ape Reserve was constructed to consider the ape species’ arboreality, and it
elicits arboreal behaviors, similar to the exhibit described in the Bard and Herbert study
(2010).
All subjects displayed locomotion behaviors, such as climbing, hanging and
swinging, which reflect species-typical behaviors seen in their wild counterparts (Knott,
1999; Fan et al., 2008). According to Tingey (2012), captive apes have been observed to
spend more time on the ground compared to their wild counterparts. Maple and Stine
(1982) stated that when orangutans were moved to a more naturalistic enclosure they
displayed a wider range and more species-typical behaviors. In my study, the apes’
significant use of arboreal enrichment and their locomotion behaviors indicate that the
Red Ape Reserve at the Oregon Zoo is promoting species-typical behaviors, as is the case
with the best-designed zoo enclosures. However, further studies need to be conducted to
determine whether being part of a mixed-species exhibit contributes to the use of arboreal
enrichment, thereby increasing arboreal locomotion.
Social Interactions
All subjects spent most of their time alone rather than interacting with
conspecifics or heterospecifics. However, when conspecifics and heterospecifics were
housed together, I found that subjects interacted more frequently with their conspecifics
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than with heterospecifics, which supports my prediction. The amount of time
heterospecifics were housed together was relatively small, about three hours a day, as
opposed to the six hours a day conspecifics were housed together. However,
heterospecifics did interact with one another, and their interactions were mostly
affiliative, meaning the mixed-species enclosure at the Oregon Zoo functions as it should.
Further studies need to be conducted to determine if the amount of time the subjects
spend in the mixed-species enclosure changes the number of interactions between
heterospecifics and conspecifics.
All the apes had more affiliative interactions than aggressive ones. Inji and Kumar
(SO) seemed to get along the best out of all conspecific pairs, with no aggressive
interactions towards each other. Phyllis and Duffy (G) had the highest rate of social
interaction of any conspecific pair. They fought a few times, but they also had mostly
affiliative interactions. They were also the pair observed to groom each other the most
and to copulate the most. Bob and Kitra (BO) had the highest number of aggressive
interactions of the conspecific pairs. Their aggression included instances of fighting,
biting, pulling hair, and shoving. While I did not see blood or open wounds, the
interactions seemed to be aggressive fights. Bob and Kitra (BO) did still have a majority
(89%) of affiliative interactions that included resting side by side with their heads
touching each other.
Both Kitra and Bob (BO) had been at the zoo less than one year at the time my
study was conducted. Kitra (BO) had been relocated from Cleveland Metro Parks Zoo
less than two months prior to the start of my observations and was likely still acclimating
to Oregon, her new keepers, and being outdoors during my study. Perhaps more
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significantly, she and Bob (BO) had only been introduced to each other a few days before
I began collecting data. They were likely still acclimating to each other during the time of
the study. Also, as of September 2015 the Bornean orangutans had not yet been
introduced to the gibbons, therefore, further studies need to be conducted after the
integration of all orangutans with the gibbons.
Kumar (SO) and Duffy (G) had the highest rate of affiliative interactions between
any two heterospecifics. Kumar (SO) is young, only 10 years old at the time of the study,
and in my dataset, he was much more likely to interact with both conspecifics and
heterospecifics. Interactions he was involved in included playing and chasing others
around the enclosure as well as eating and resting next to others. While Duffy (G) is not
as young as Kumar (SO) who was 20 years of age in 2015, he is much younger than the
other two individuals in the heterospecific group with him at the time of my study, Inji
(SO) 55 years old and Phyllis (G) 45 years old.
A possible explanation for the low number of aggressive encounters I observed
might be the relationship between the size of the individual and aggression, with the
smaller individual reacting aggressively towards the larger individual (Buchanan-Smith,
et al., 2013). However, future, long-term studies, need to be conducted to determine if
this is the case. For example, Phyllis (G) was the only gibbon involved in a heterospecific
aggressive encounter. This occurred when Kumar (SO) was taking part in a speciestypical behavior that occurs between offspring and mothers. Young orangutans will
display their food to their mothers, and they will share food. Kumar (SO) was trying to
share food with Phyllis (G) when she, likely not recognizing this behavior, slapped
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Kumar (SO). It is interesting that he may have recognized Phyllis (G) as an elder, perhaps
a motherly figure, to prompt this behavior.
Additionally, Phyllis (G) and Inji (SO) are both geriatric. Inji (SO) has little
interest in interacting with heterospecifics. She is not aggressive towards them, but seems
to try to avoid them. The most contact Inji (SO) had with a heterospecific was sitting near
a gibbon, mainly Phyllis (G), and eating or resting.
General Behaviors
Although I did not test general behaviors of the subjects, they did engage in a
variety of species-typical behaviors, and all six individuals displayed behaviors similar to
their wild counterparts: traveling, eating, resting, foraging, and socializing (Knott, 1999;
Fan et al., 2008). All subjects engaged in socializing, however this is not comparable to
their wild counterparts. For example, in the wild, rates of socialization are low for
orangutans (Knott, 1999). For wild gibbons, socialization usually involves conspecifics
as they live in small units (Fan et al., 2008). I observed abnormal behaviors rarely and
only from the two Bornean orangutans, Bob and Kitra. I observed Kitra (BO)
regurgitating and re-ingesting 22 times throughout the length of the study. Bob (BO)
performed this behavior four times.
Limitations of my study included few subjects, and Kitra’s recent introduction to
the enclosures. Additionally, it would have been useful to record behavioral durations in
addition to frequencies. I collected frequency data because I was using a scan sampling
method and recording enrichment use as well as proximity and interactions. However, the
use of frequency data greatly limited the number and range of statistical tests I could use
to analyze my data. Duration would also have resolved an issue of having areas of low
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frequency counts in my data, which is one of the reasons why I had to use descriptive
statistics to answer the sub-component portion of my second prediction on aggressive
versus affiliative interactions.
An enrichment study could expand on my study following the integration of the
Bornean orangutans with the white-cheeked gibbons to determine if social interaction has
any effect on enrichment use. Another study that could be conducted is how a mixedspecies exhibit contributes to rates of an individual being solitary. One might expect that
in a mixed-species exhibit there are more opportunities to socialize, but my data indicate
that apes were often alone. Finally, an additional study could be conducted to determine
if enrichment usage changes over time as the three youngest orangutans become more
mature and accustomed to the enclosures.
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CHAPTER VI
CONCLUSION
The subjects in this study spent most of their time alone, not interacting with
either conspecifics or heterospecifics. When they did interact, however, they interacted
more with conspecifics than heterospecifics. The individuals’ interactions were more
affiliative than aggressive, with low levels of aggression recorded overall. The
enrichment provided to the orangutans and gibbons at the Oregon Zoo elicited speciestypical behaviors, such as traveling, resting, eating, foraging and socializing. All subjects
used arboreal enrichment more than terrestrial enrichment and engaged in species-typical
behaviors which indicate an enclosure is meeting the needs of the apes that live in it.
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